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DYSKINESIA
WINTHROP M. PHELPS
Dyskinesia may be defined as disturbance of voluntary muscle
action. The term is usually applied to disturbances resulting from
a central, peripheral or sympathetic nervous system disorder or
from a muscular disorder. In this sense there is a definitely implied
chronicity. There are, however, certain isolated or transient dis-
turbances of muscle action which technically should be included in
the term. These disturbances are usually related to an interference
with the timing necessary to bring about normal reciprocal action.
The result is a change in the relationship of the parts controlled by
the muscle or an injury to the muscle itself, or to the ligamentous
structures associated with the joint controlled by the muscle in ques-
tion.
Although much is known concerning the localization of injuries
to the nervous system, bringing about disturbed muscular action,
still more remains unknown, the motor nervous system being so
intensely complicated. The gross effects, however, are the present-
ing evidence, and these are of importance in the diagnosis of the
underlying condition, but more important in regard to the treat-
ment. There are four attributes of active voluntary muscle which
enter into a clear understanding of the type of disturbance en-
countered.
I. Tone. In the normal muscle at rest, there is a definite
degree of tone which can best be observed by comparison with a flac-
cidly paralyzed muscle. It is a slightly contracted state so that the
body of the muscle feels elastic to palpation. The normal tone of
a muscle varies with many factors. It is related to balance, in that
it is increased in the standing position as compared with the recum-
bent position. It is decreased by etherandto aless degreeby nitrous
oxide anesthesia. It is decreased by senility, disease, or disuse. Im-
mobilization of an arm or leg for anylength of time will decrease the
tone, and this is a very significant finding in arthritis of many varie-
ties. On the otherhand, there is adefinite increase intone in the habit-
ual athlete and there is also usually an increase after long-continued
heliotherapy. The effect of drugs on tone is well known. Volun-
tary contraction of a muscle produces a definite increase in the toneYALE JOURNAL OF BIOLOGY AND MEDICINE
of the muscle during contraction, while the tone of the antagonist
or reciprocal muscle is decreased. The nervous mechanism con-
trolling muscle tone is not at present entirely understood, but since
the present discussion is concerned only with changes in tone and
the relation of these changes to other attributes of muscle action the
basic mechanism involved will not be considered.
II. Reciprocal action of muscles. When a given muscle or
muscle group is contracted actively and slowly, there is observed a
definite sudden increase in the tone, or muscular resistance to palpa-
tion, which is only sufficiently increased to bring about the desired
contraction. If resistance of any kind is offered to the contraction,
the hardness or tone of the muscle becomes greater up to the point
of maximum power. There is associated with this increase in tone
a definite decrease in the tone of the reciprocal group, i. e., that
muscle or group of muscles which bring about motion of the joint
in the opposite direction. This decrease in tone is absent if, for any
reason, the action of the contracting group is slowed or unsteady.
For example, if the deltoid is to be contracted, elevating the arm
from the side of the body, the reciprocals, which bring the arm back
to the side, but which are also the internal and external rotators of
the arm, must act together to prevent rotation taking place during
the contraction of the deltoid. Or, again, if the leg is allowed to
flex by its own weight, the extensors will remain in a degree of con-
traction to prevent too rapid flexion and a blow on the floor which
might be painful. In this case, there is a definite cortical control
superimposed upon the normal reciprocal action which is essentially
subcortical in its function. The more rapid the required contrac-
tion becomes, the more complete must be the decrease in tone of
the reciprocal, in order to bring about full power.
III. Timing. Efficient reciprocal action requires that the re-
laxation or decrease in tone of the antagonist, or reciprocal muscle,
must begin at the same time that contraction is begun in the muscle
bringing about a given motion. It is only in this way that the full
strength of the muscle can be utilized. Otherwise, it is working
against the resistance of the opposing group and its power is definite-
ly impaired. The timing of contraction and relaxation of reciprocal
groups varies within wide limits in normal individuals. Among
athletes, it is proper timing rather than strength alone, which de-
40DYSKINESIA
termines to a large degree the ability to become outstanding. It is
the basis of coordination which is so essential in athletic success.
The man who can run ioo yards in 9.6 seconds is not strong-
er in the muscles of the legs than others, but is able to utilize the full
power of the musclesbycomplete andalmost instantaneous relaxation
of the opposing groups-and to do this with extreme rapidity. The
football player, who can carry theball the length of the field through
the opposing team, is able to relax muscles quickly as well as to con-
tract them quickly and can thus shift his direction or his stride with
a minimum expenditure of muscular energy. It is the timing of
the two actions, contraction andrelaxation, which brings about the de-
sired result.
IV. Muscle strength and power. As can be seen from the
above, the inherent strength of a given muscle is not always an in-
dication of its power. It must be tested at various speeds of con-
traction and only when the reciprocal groups are as completely re-
laxed as possible. Continued use of muscles brings about an in-
creased normal tone and the muscle becomes somewhat shortened.
It is this shortening which results in the muscle-bound condition
often referred to inathletes. Increased tone is associated with meas-
urable increased strength, but often the power delivered to the joint
is impaired for rapid use. This is explained by the fact that the
increase in tone is developed in thereciprocal pairs, and the contract-
ing muscle works against a somewhat higher resistance in its recipro-
cal group. Exact timing is not only necessary among athletes, but
is essential to efficiency of muscle action in anyactivity, whether there
is a high degree of strength necessary or not. The ability to write
rapidly or to knit rapidly, or, among surgeons, to tie knots rapidly
requires amanual dexterity onlybrought about through exact timing.
A disturbance of muscle action can be classed as a normal patho-
logical dyskinesia, depending on the presence or absence of changes
in the nervous system. The normal disturbances are isolated and
temporary disturbances of timing, but resulting in some damage to
the body. The most common example is seen where an unexpected
movement is brought about complicating a normal activity. A piano
mover has been in the habit of lifting heavy weights for years with-
,out difficulty. During the process of lifting a piano, he steps on
-an uneven stone. This necessitates a shift of his weight to maintain
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his balance. He complains of sharp pain in his back and examina-
tionreveals ligamentous damage. This could be due to direct strain
on the ligaments, but is more likely to be due to disturbed muscle
action resulting in tearing of the ligaments. The same history is
obtained from activities not requiring strength. An individual who'
has played golf for years swings when he is slightly off balance and
sustains a sacro-iliac sprain. A sudden twist of the head when start-
ledbya loud noise will result in a "stiff neck". Examples are many.
The mechanism is the sudden contraction of a muscle upsetting the
normal reciprocal action and resulting in the tear of another muscle
or ligament. The less highly coordinated football player will be
hurt much more frequently than the man with high timingefficiency.
This fact has often been observed and it is not because more players
injure him. He injures himself by his poor timing.
The normal type of dyskinesia just described is important in soa
far as the results are concerned and, from an etiological standpoint,,
for explaining the injury. The pathological type is important as
regards treatment of the dyskinesia itself, which is a symptom of
many forms of neuropathology and its importance is in direct pro-
portion to the chronicity of the neurological cause. A classification
of the various types cannot be all-inclusive and if made on a neu-
rological basis would be confusing. But if the underlying condi-
tion is incurable and the resultant dyskinesia can be improved, then
treatment is essential. The basis for treatment is a classification
into the types of pathological dyskinesia encountered, whatever their
cause, and a division is then made between those in which the caust
is curable and those in which it is not. For example, choreiform mo-
tions and athetoid motions are somewhat similar. No attempt is.
made to treat the dyskinesia of chorea since it will disappear when
the chorea is cured, but the dyskinesia of the athetoid merits all the
treatment possible because of the permanent damage to the nervous.
system which brought it about.
The first type of pathological dyskinesia is the flaccid paralysis.
This may or maynot becurable, depending on its cause. Treatment
is necessary essentially for two reasons: first, the prevention of de-
formities due to contractures; second, the maintenance of good
healthymuscle tissue,capable ofcontractility for the use ofthe nerve,
when or if, regeneration takes place. Contractures are due to two
factors in flaccid paralysis, either to the constant pull of an unpara-
42DYSKINESIA
lyzed group against paralyzed reciprocals or to habitual position
plus the force of gravity in a completely paralyzed extremity. In
a flaccid paralysis, the muscle tone is abolished and no reciprocal
action is possible. Timing is impossible, and the strength and pow-
er of the affected muscle is zero.
The second type of pathological dyskinesia is spastic paralysis.
Here again some forms are curable while others are not. Treat-
ment is necessary in all forms as cure is always slow and contractures
are prone to develop. Muscle tone is much increased in spastic
paralysis. Any irritation of the muscle increases the tone still more,
and, although the muscles are in contraction constantly, due to the
increased tone, the irritation oftouching them or attempting to move
the joint brings about further contraction. Individual spastic groups
ofmuscles are seen; an example is the well known "peroneal spasm"
in the foot, which brings about a very distorted position. Any at-
tempt to move the joint controlled by the spastic muscles irritates the
muscle sufficiently to increase its tone and the motion is reflexly re-
sisted. In most cases, however, all of the muscles of an extremity
are spastic and the position of the joint is the position controlled by
the muscles showing the highest degree of spasticity. Reciprocal
action is abolished in this type. An attempt to flex a joint volun-
tarily will perhaps bring about the desired change of position, but
only against the greatly increased tone of the reciprocal groups. If,
during the process, there should be any reflex stimulation of the
reciprocal, the motion would immediately be reversed, as the in-
creased contraction resulting from the reflex is greater than that
which can be produced voluntarily. The erroneous impression is
often gained by the examiner that the patient is attempting to resist
his efforts because of the reflex contraction produced by the attempt
to move the patient's joint passively. Timing in action of spastic
paralysis is entirely impossible because of the abolition of reciprocal
action. The strength of the muscles is very great. The constant
state of contraction has developed them to a very high degree, but
the power delivered to the joint is almost nil.
The third type of pathological dyskinesia is athetosis. Treat-
ment ofathetosis is only necessary in those forms in which the under-
lying cause is incurable. The chief reason for this is the absence of
the tendency to the development of contractures. This condition
is characterized by constant motions of all the muscles of the body
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or of a single extremity. The motions are of a characteristic sort.
They are twisting and undulatory in type passing from one group to
another, and producing bizarre and unnatural positions. They may
be limited to a single extremity or involve the entire body including
the muscles of the face and speech. Many otherwise normal in-
dividuals may wrongly be considered feeble-minded because of in-
ability to speak intelligently, or because of the grimaces resulting
from the facial athetosis.
Muscle tone in athetosis is not increased to any very great de-
gree. The musculature is, of course, very well developed because
of the constant exercise, and the tone is increased to the extent seen
in the athlete. But the tone of an individual muscle when it hap-
pens to be at rest is definitelv within normal limits. Stimulation
of the muscles by attempting to move a joint passively is not ap-
parently resisted as in the spastic type, but brings about an increase
in the athetosis which has been called an overflow reaction. Hence,
attempted voluntary activity results in extreme incoordination.
Reciprocal action is probably normal but is entirely masked by
the successive contraction of unrelated groups. Thus, when a given
group is contracted, it is probable that there is a simultaneous relaxa-
tion of its reciprocal, but only to be deluged with the mass contrac-
tion resulting from the reflex stimulation. Timing, therefore, be-
comes wholly impossible. Attempted voluntary contraction as well
as sensory stimuli result in the overflow reaction.
The strength ofthe muscles isgreat. The athetosis itself, acting
as a constant exercise, brings about a high degree of muscular nutri-
tion. The caloric demands of these patients are enormous. Power
delivered to the individual joints is likewise good, but the motions
resulting cannot be controlled so that the usefulness is very much
impaired.
These three types represent the most common forms of dys-
kinesia. The last two are only rarely seen in pure form. Flaccid
paralysis is a distinct form, but various degrees ofspasticityand athe-
tosis are often mixed. They do, however, comprise the basis for the
types of muscular disturbance seen inneurological conditions. Simple
cases of incoordination are traceable to interference with tone, recip-
rocal action, or timing, and can be classedaccording to type.
Treatment. Flaccid paralysis in incurable cases requires the ap-
plication of braces to prevent contractures which may be caused by
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the unopposed action of normal muscles reciprocal to the paralyzed
muscles, or to the force of gravity as in foot-drop or wrist-drop.
Muscle or tendon transplantations may be carried out. only on the
incurable cases to bring about a better balance of muscle power. The
subsequent muscle training is as important as the operative procedure
in order to secure proper reciprocal action and timing.
In the curable forms. of flaccid paralysis treatment must be car-
ried out by means of braces to prevent contractures until nerve re-
generation is complete, and by vigorous massage and passive motion
to keep the muscles in good contractile, elastic, and well-nourished
condition until voluntary motion is possible. Electrical stimulation
of muscles in these cases is only advisable as a method of treatment
when there is to be a comparatively quick return of power. It is
felt that electrical stimulation carried out over a long period of time
will produce enough muscle damage in the form of scar tissue to im-
pair seriously the future efficiency. Heliotherapy with ultraviolet
light is recommended, because of its tendency to increase muscle tone.
In the case of muscles which areweak and not ableto act against grav-
ity, overuse can be avoided by voluntary exercise in water to neutral-
ize the gravitational pull. The temperature of the water should be
comfortable, but not too warm, because of the weakening or relaxing
effect of heat on muscles.
The treatment of spastic paralysis and athetosis is based on en-
tirely different principles. The nervous system, by reason of its
extreme complexity, allows for more chance of improvement in both
spastic and athetoid conditions than would be possible were it a sim-
pler mechanism. An analogy can be drawn to the telephone central
switchboard. Abreakdown ofcommunication lines in a small switch-
board would interfere with service to a far more serious degree than
would a similar breakdown in a larger and more complicated one.
The service could be shunted through adjoining centers and the de-
sired connection be obtained in spite of the difficulty.
A careful study of spastic paralysis reveals that the conscious
motivation of the muscles involved is present, but that the desired
result-the flexion or extension of the joint-does not take place
because of the resistance of the muscles reciprocating with the muscle
stimulated. The performance of the given motion is, therefore,
difficult and the patient is inclined more and more to give up trying.
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Gradually he loses, from disuse, the slight ability he previously pos-
sessed. The same situation obtains in the athetoid, but the reason
for lapsing is because of the difficulty of coordination. In either
case, the patient substitutes for as nearly normal motion as he could
perform, the easiest possible way, which depends on the degree of
spasticity or athetosis in the individual groups. Thus, a large num-
ber of bizarre and startling habits of use are built up and become
fixed. It is necessary to "unlearn" these habits, as part of the treat-
ment, substituting for them as normal mobility as is possible. The
only purpose of this discussion is to indicate the methods of treat-
ment and the underlying principles; not to give a full description
of the exact technic to be used.
In spastic paralysis, the principle of relaxation must be taught
to the patient before much else can be accomplished. It is as pos-
sible for the normal individual to lower the contractile level of a
muscle group, as it is by contraction. When this is taught to the
spastic it is explained fully and combined in some cases with the ap-
plication of dry or moist heat, and effleurage. The use of ultra-
violet radiation is strongly contraindicated in either the spastic or the
athetoid because of its tendency to increase muscle tone. The ability
to relax, even if only to a slight degree, is the first principle neces-
sary in the treatment of spastic paralysis. When this has been ac-
complished, muscle training, directed toward the contraction of a
single group, is begun. The action to be performed is described
and illustrated by the physical therapist. The patient is then di-
rected to perform the contraction to a very slight degree. He is
directed not to attempt necessarily to move the joint, but only to
cause the muscle group to contract. He is to do this without con-
tracting other groups, and to keep the rest of the body entirely re-
laxed. His attention is then drawn to the reverse motion, that
which is controlled by the reciprocal group, and after the first has
been moved, heattempts the reverse motion. Great care and patience
are necessary, as a sudden noise or motion within the room may upset
the entire work at first. Gradually the range of motion and inten-
sity of contraction are increased and the reciprocal action restored to
a greater or less degree. The motions are carried out with the pa-
tient in as comfortable a position as possible and at no time is any
violent or sudden motion made. The ability to move the first joint
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rcomes much more slowly than does the moving of subsequent joints.
Later, motions are combined and in the case of the legs, weight bear-
ing is attempted. All of the essential motions comprising a given
activity, such as walking, must be learned separately and then com-
bined before the total activity of walking can be accomplished. It
is at this point that it is necessary to overcome the old habit of walk-
ing which has been adopted by the patient as the easiest way. This
"unlearning" is by far the hardest part of the treatment in an hab-
itual act such as walking.
The principles upon which the treatment of spastic paralysis is
based may be seen from the above description. The cutting of ten-
dons, because they seem tight, in spastics is very inadvisable as they
will shorten again and it is impossible to hold them with braces. The
use of braces in spastic paralysis is unsatisfactory. The stimulation
of the muscles and the increase in tone resulting from the pressure
of the brace results only in a higher degree of spasticity and in injury
to the skin.
In athetosis, the principles of treatment are somewhat similar to
those described for spastic paralysis. Relaxation is taught and is
especially directed toward the prevention of the overflow reaction.
Overflow can never be stopped by attempting to hold the extremi-
ties still, as this attempt brings about an increased contraction. If,
however, the patient learns to relax, he can remain entirely quiet
for longer and longer periods of time.
Muscle group contraction is then taught as in spastic paralysis,
followed by reciprocation. In these cases, the "unlearning" of hab-
itual motions is easier, but there are usually more wrong motion
habits present. The joints which are trained first in athetosis are
the proximal joints: the shoulder and hip; next, the knee and el-
bow, and finally the hands and feet. The reason for this is apparent.
A coordinated movement of the hand, for instance, is not of much
use in the presence of an incoordinate elbow and shoulder.
The above description of treatment applies only to older chil-
dren and adults, and implies a fairly normal mentality. The cor-
rection of dyskinesia in the feeble-minded is hardly worth while,
because of the difficulties attendant upon the treatment and the poor
cooperation obtainable. However, treatment of these conditions,
when they result from birth injuries, should be begun as early as
possible in childhood or babyhood, in spite of the lack of conscious
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cooperation, and the treatment at this age must be different. The
results are better eventually, because there is no "unlearning" process,
necessary.
Treatment in babyhood is carried out by attempting to develop
conditioned reflexes. The joints are put through a certain range of
motion passively, by the physical therapist, rhythmically and in time
with short rhymes, which are sung. In the normal child, such a
conditioned reflex is obtained and the baby moves the joint upon
hearing the rhyme after about a month of daily treatment. In the
spastic or athetoid child, the time is somewhat longer but results are
eventually obtained which definitely justify the method. The same
method is used in the flaccid paralysis resulting from a brachial plex-
us injury, the so-called obstetrical or Erbs palsy. In these cases,
the power returns to various groups at different times and contrac-
tures must be looked out for. But the passive motion lessens the
danger very materially and the arm is treated otherwise as described
under flaccid paralysis.
Pathological disturbances of muscle function, therefore, demand
first a neurological examination to determine the nature of the cause.
An incurable cause, such as permanent damage to the basal nuclei
from a birth injury, although given a hopeless prognosis from the
neurological point of view, is not necessarily hopeless from the view-
point of improvement of the resulting dyskinesia. The mental age
of the patient should be determined and treatment given accord-
ingly. Cases with facial athetosis should never be classed as de-
ficient unless proved so by a psychologist trained in the examination
methods for such individuals. Improvement can be made in prac-
tically all cases with normal mentality, and the happiness of the
patient resulting from being more like his fellow men completely
justifies the time and labor spent.
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